J 



(19) 



J 



(12) 



(43) Date of publication: 

29.07.1998 Bulletin 1998/31 

(21) Application number: 98104594.1 

(22) Date of filing: 1 9.04.1 991 



Europdisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 855 702 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI 6 : G11B7/24 



(84) 


Designated Contracting States: 


• Mizuno, Sadao 




Db FR GB 


ibaraki City, 567 (JP) 






• Itoh, Noboru 


(30) 


Priority: 20.04.1 990 JP 1 061 57/90 


Hirakata City, 573 (JP) 




27.11.1990 JP 328715/90 




(62) 




(74) Representative: 


Document number(s) of the earlier application^) in 


Dr. Elisabeth Jung 




accordance with Art. 76 EPC: 


Dr. Jurgen Schirdewahn 




91106332.9/0452 953 


Dipl.-lng. Claus Gernhardt 


(71) 




Postfach 4014 68 


Applicant: 


80714 Miinchen (DE) 




MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 




Kadoma-shi, Osaka 571 (JP) 


Remarks: 


(72) 


Inventors: 


This application was filed on 13 - 03 • 1998 as a 


divisional application to the application mentioned 


• 


Satoh, Isao 


under INID code 62. 




Neyagawa City, 572 (JP) 




(54) 


Optical disc 




(57) 


The invention refers to 






an optical disc comprising: 


FIG.2(b) 



a first substrate (30); 

a second substrate (31); and 

a recording layer (33) sandwiched between said 

first substrate (30) and said second substrate (31) 

and being provided on tracks (35,36) formed on the 

inner surface of such substrate having a thickness 

of 0.6 mm. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

5 

1. RELD OF THE INVENTION 

The present invention relates to an optical disc for 
use with an optical disc recording/reproducing appara- 
tus for recording and reproducing information to said 10 
optical disc. 

2. DESCRIPTION OF THE RELATED ART 

A rewritable optical disc such as a magneto-optical is 
disc is standardized by the "Draft Proposal DP10090 of 
ISO Standard". According to the standard of the Draft 
Proposal, the rewritable optical disc is 86 mm in diame- 
ter and has a recording area on one surface of a trans- 
parent polycarbonate substrate of 1.2 mm thick. 20 
Moreover, a protection layer of 0.2 mm thick at the most 
is placed on the recording area, and thus entire thick- 
ness is 1.4 mm at the most. In a magneto-optical disc 
according to the standard, a magnetic device is 
arranged to generate a magnetic field in immediate 25 
proximity to the recording area. A recording capacity of 
the above-mentioned standard optical disc is 128 MB, 
for example. The rewritable optical disc in the prior art 
mentioned above has the recording area on only one 
side of the optical disc. 30 

The EP-A1 -0 128 960 having two tracks of data in 
different layers impinged by optical rays of different 
wavelengths always from the same side. The thickness 
of the substrate of the disc is only about 0.5 mm. 

The EP-A1-0 288 570 is directed generally to an 35 
optical recording medium. A numerical aperture of only 
0.3 is mentioned for the lens of a disc reading appara- 
tus. 

The WO 88/06337 concerns generally an optical 
recording medium, the thickness range of the substrate 40 
disclosed reaches examples are 0.1 mm, 0.14 mm, 0.2 
mm, 0.5 mm, 1 mm, 1.2 mm, 3 mm, 3.175 mm and 6 
mm. 

The DE-A1 32 03 599 has the general aim to 
increase the thickness of substrates of an optical disc 45 
having a diameter of 30 cm, which is typical for an com- 
mercial laser disc only. There are two substrates on the 
opposite sides of the disc having internally sandwiched 
various other layers including two data carrier layers, 
two protective layers and one central bonding layer, so 
Alternatively, two further bonding layers are included. 
The thickness of each substrate is in the range between 
0.2 to 2 mm. 

In the IEEE Trans, on Consumer Electronics, Nov. 
1976, p. 309 to 317 and Fig. 19, it is discussed on the 55 
basis of Fig. 19 how the dust influence is function of the 
thickness of a protective layer. The thickness of this pro- 
tective layer has a range from 0 to 1 .2 mm. 



OBJECT AND SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
optical disc having a recording area on one side of a 
substrate adapted to increase recording capacity. 

This object is attained by the features of claim 1 . 

Another object of the present invention is to provide 
an optical disc having recording areas even on both 
sides of the optical disc in order to improve the adaption 
to the increase of recording capacity significantly. 

This object is attained by the features of claim 4. 

As already mentioned, the rewritable optical disc in 
the prior art according to the "Draft Proposal DP 10090 
of ISO Standard" has the recording area on only one 
side of the optical disc, and hence significant increase 
of the recording capacity has been impossible. In order 
to significantly increase the recording capacity, an opti- 
cal disc having the recording area on both sides of the 
optical disc (or generally spoken of the substrate used 
for the optical disc) is devised. 
A convertible optical head has been developed to be 
applicable to both the standard optical disc and the opti- 
cal disc having the recording area on both the sides of 
the optical disc. 

While the novel features of the invention are set 
forth particularly in the appended claims, the invention, 
both as to organization and content, will be better 
understood and appreciated, along with other objects 
and features thereof, from the following detailed 
description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of an optical disc record- 
ing/reproducing apparatus; 
FIG. 2(a) is a cross-section of an optical disc 
according to the draft proposal DP10090 of ISO 
standard; 

FIG. 2(b) is a cross-section of an optical disc having 
recording areas on both sides of the optical disc; 
FIG. 3 is a graph of a relation between a numerical 
aperture and a peak intensity ratio of a laser beam. 

rt will be recognized that some or all of the Figures 
are schematic representations for purposes of illustra- 
tion and do not necessarily depict the actual relative 
sizes or locations of the elements shown. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

FIG. 1 is a side view of an optical disc record- 
ing/reproducing apparatus. Referring to FIG. 1 , an opti- 
cal disc 2 is enclosed in a cartridge 1 having an 
aperture 101 covered by a transparent member 102 on 
the lower face thereof to allow passing of laser light The 
cartridge 1 is set to a driving apparatus comprising a 
driving motor 4, and the optical disc 2 is rotated by a 
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shaft 5 of the driving motor 4. The cartridge 1 has iden- 
tification pits (or holes) 23 on the circumferential part 
thereof. The identification pits 23 are sensed by a detec- 
tor 3 comprising a light source and a light sensing 
device, and a kind of cartridge is identified by the posi- 5 
tion of the identification pits 23. The detected output of 
the detector 3 is output on a terminal 24. 

An optical head comprising a stationary optical part 
6 and a moving optical part 7 is placed under the car- 
tridge 1 . The stationary optical part 6 comprises a laser 10 
light emitting device 9 for emitting a laser light and an 
opto-electronic device 14. The laser light emitted from 
the laser light emitting device 9 is passed through a 
beam splitter 1 1, a A74-optical plate 12 and a collimator 
lens 10, and a collimated laser beam 16 Is emitted from 15 
the stationary optical part 6. 

A moving optical part 7 is movably held by a guide 
rail 22 secured to the stationary optical part 6, and is 
moved along the guide rail 22 by a linear driving motor 
21 mounted on the moving optical part 7 In a direction 20 
shown by arrow A. The moving optical part 7 comprises 
a reflection mirror 17 for directing the laser beam 16 
upward in FIG. 1, a focusing lens 18 for focusing the 
laser beam 16A reflected by the reflection mirror 17 on 
a recording area 8 of the optical disc on which informa- 25 
tion is recorded and an optical plate 19 for correcting 
aberration of the laser beam 16B focused by the focus- 
ing fens 18. 

The focusing lens 18 Is moved in the direction of the 
optical axis thereof by a focusing lens drive means 1 8A. 30 

The optical plate 19 is shifted by a shift mechanism 
20 in a direction shown by arrow B, so that the optical 
plate 19 is positioned in front of the focusing lens 18 or 
is removed therefrom. 

"Focusing" and "tracking" of the laser beam 16B to 35 
a predetermined track of the optical disc 2 are per- 
formed by moving the collimator lens 10 in the station- 
ary optical part 6, which is moved by an actuator 15 in 
the stationary optical part 6. 

Laser light reflected by the recording surface 8 of 40 
the optical disc 2 is applied to the reflection mirror 17 
through the focusing lens 18, and is directed to the col- 
limator lens 10 of the stationary optical part 6. In the sta- 
tionary optical part 6, the reflected laser light is directed 
to the opto-electronic device 1 4 by the beam splitter 11. 45 

FIGS. 2(a) and 2(b) are cross-sections of the stand- 
ard optical disc 25 and a "double recording optical disc" 
26 having the recording area on both sides of the sub- 
strate of the optical disc, respectively. 

Referring to FIG. 2(a), a spiral track 28 or a plurality so 
of tracks 28 of concentric circles are formed on a sur- 
face of a substrate 27 made of transparent material 
such as polycarbonate plastics or glass. According to 
the Draft Proposed DP10090 of ISO Standard, the sub- 
strate 27 is 1 .2 mm thick (t1) and the entire thickness (t) 55 
is 1.4 mm. A recording layer 34 is plated on the face 
having the tracks 28, and further the recording layer 34 
is covered with a protection layer 29 for protecting the 



recording layer 34 and tracks 28. Recording/reproduc- 
ing operation of the optical disc 25 is performed by 
applying a laser beam 16B from the moving optical part 
7 to the surface of the substrate 27. 

Referring to FIG. 2(b), tracks 35 are formed on a 
surface of a first substrate 30 in a similar manner of the 
standard optical disc 25. On the other hand, tracks 36 
are formed on a surface of a second substrate 31 in a 
similar manner of the first substrate 30. Then, a record- 
ing layer 33 for recording information by variation of sta- 
tus of crystallization is plated on both the tracks 35 and 
36. Subsequently, the first substrate 30 is adhered with 
the second substrate 31 by suitable adhesive substance 
37 in a manner that the surface having the tracks 35 of 
the substrate 30 faces to the surface having the tracks 
36 of the second substrate 31. Both the substrates 30 
and 31 are 0.6 mm thick (t2) and the adhesive sub- 
stance 37 is made to 0.2 mm thick, and consequently, 
the entire thickness is 1.4 mm. 

The focusing lens 18 is adequately designed in a 
manner that various aberrations are minimized with 
respect to the standard optical disc 25 having the sub- 
strate of 1.2 thick. Therefore, in the double recording 
optical disc 26 shown in FIG. 2(b), since the thickness t2 
of the first substrate 30 is 0.6 mm, which is thinner than 
that of the substrate 27 of the standard optical disc 25, 
the various aberrations increases. In order to correct the 
various aberrations in the double recording optical disc 
26, an optical plate 19 made of a flat-plate optical mem- 
ber is inserted between the focusing lens 18 and the 
double. A recording optical disc 26. The laser beam 16B 
focused by the focusing lens 1 8 is applied to the double 
recording optical disc 26 through the optical plate 19. 
Consequently, the double recording optical disc 26 and 
the standard optical disc 25 are compatibly usable in the 
same optical disc recording reproducing apparatus by 
insertion or removing of the optical plate 19. In the dou- 
ble recording optical disc 26. the distance between the 
focusing lens 1 8 and the recording area 35 must be kept 
on the same value as that in the standard optical disc 25 
to focus the laser light 16B on the recording area 34 
which is nearer than the recording area 35 of the stand- 
ard optical disc 25 to the focusing lens 18. The shift of 
the focusing lens 18 is performed by the focusing lens 
drive means 18A (shown in FIG. 1). 

The thickness t3 of the optical plate 19 s given by 

t3 = (n1 -t1 -n2-t2)/n3 (1), 

where, 

n1 : refractive index of substrate 27, 
n2: refractive index of substrate 30, 
n3 : refractive index of optical plate 1 9, 
tl: thickness of substrate 27, 
t2 : thickness of substrate 30. 

For example, it is assumed that refractive indexes 
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nl, n2 and n3 are 1.5, and the thickness t1 is 1.2 mm 
and the thickness t2 is 0.6 mm, the thickness t3 is 0.6 
mm. Moving operation of the optical plate 19 is deter- 
mined by detection of the identification pits 23 of the 
cartridge 1 . Though one optical plate 19 is illustrated in 5 
FIGS. 2(a) and 2(b), a plurality of optical plates 19 hav- 
ing a variety of thicknesses may be mounted on a 
revolving holder to allow use of a variety of optical discs. 

Recording operation of the standard optical disc 25 
is elucidated hereafter for a magneto-optical disc. The 
direction of magnetization of the recording layer 34 is 
oriented into a predetermined direction by erasing oper- 
ation in advance. Subsequently, a laser beam of which 
the diameter of the cross-section is 1 jim or smaller is 
applied to a predetermined position of the recording 
layer 34. The intensity of the laser beam 16B is selected 
to heat the recording layer 34 to the Curie temperature 
or higher. Then biasing magnetic field is applied to the 
recording layer 34 by a magnetic field generating means 
(not shown) in concurrence with temperature rise of the 
recording layer 34, and thereby the direction of magnet- 
ization of the recording layer 34 Is turned over. Namely, 
the recording of the information is performed by change 
of the direction of magnetization. 

In the above-mentioned operation, the intensity of 
the laser beam is controlled by the input current of the 
laser light generating device 9. 

In reproducing operation of the information 
recorded as mentioned above, a laser beam 16B of 
which the intensity is lower than that of the recording 
operation is applied to the recording layer 34. and a var- 
iation of a plane of polarization of the reflected laser 
light is detected. The plane of polarization is varied by 
Kerr effect in compliance with the direction of magneti- 
zation. 

The recording/reproducing operation by means of 
the phase-change of crystallization in the recording 
layer 34 is elucidated hereafter. A laser beam 16B hav- 
ing a predetermined intensity is applied to the recording 
layer 34, and which is transferred to amorphous state or 40 
crystal state. For instance, in recording operation, the 
laser beam having a first intensity which is relatively 
large is applied to a predetermined part of the recording 
layer 34 to record information, and thus the recording 
layer 34 is heated to a temperature which is higher than 45 
the melting point of the recording layer 34. Then the part 
of the recording layer 34 is rapidly cooled by sudden 
extinction of the laser beam 16B. Consequently, the part 
of the recording layer 34 transfers to amorphous state, 
and thereby the information is recorded. so 

In erasing operation of the information, the part of 
the recording layer 34 is heated to a temperature which 
is lower than the melting point by a laser beam 1 6B hav- 
ing a second intensity which is lower than that of the first 
intensity. Consequently, the part transfers to crystallized 55 
state which represents erased status of the recording 
layer 34. 

Erasing operation and recording operation can be 



performed simultaneously at the same part of the 
recording layer 34 by applying the first intensity of the 
laser beam. The above-mentioned operation is named 
"direct overwrite". 

In reproducing operation of the information 
recorded by the above-mentioned operation, a laser 
beam of a third intensity which is lower than the second 
intensity used in the erasing operation is used, and the 
information is reproduced in a manner that is familiar to 
one skilled in the art. 

In reproducing operation of the double recording 
optical disc 26 shown in FIG. 2(b), a side of the optical 
disc which is used presently for in recording/reproduc- 
ing operation is faced to the moving optical part 7 and is 
set to the shaft 5 of the driving motor 4. The recording 
reproducing operation is similar to that of the standard 
optical disc 25 shown in FIG. 2(a). 

In general, the recording density D of the optical 
disc is given, by 

D = (NA/X) 2 (2), 

where, 

NA: numerical aperture, 

X: wavelength of the laser light. 

In the equation (2), the wavelength X of the laser 
light must be reduced or the numerical aperture NA of 
the focusing lens 18 must be increased in order to 
increase the recording density D. The reduction of the 
wavelength X of the laser light depends on the status of 
research and development of the laser light emitting 
device in the present technology of electronics. There- 
fore, the increase of the numerical number NA of the 
focusing lens must be considered in order to increase 
the recording density D. However, the increase of the 
numerical aperture NA is limited by the thickness of the 
substrate 27 or 30 of the optical disc or by increase of 
"Coma aberration" and "Astigmatism" which are caused 
by tift of the optical disc set on the driving motor 4 of the 
optical disc recording/reproducing apparatus. 

In the event that the tilt angle of the optical disc is 
relatively small, for example 0.2 degree, Coma aberra- 
tion mainly increases. Owing to the increase of the 
Coma aberration, the intensity of the laser beam 16B in 
recording operation is reduced, crosstalk is increased 
and S-N ratio is decreased in reproducing operation. 

In order to maintain the reduction of the intensity of 
the laser beam within several per cent in 0.2 degree of 
the tilt angle of the optical disc, the numerical aperture 
NA must be selected to 0.5 - 0.55. 

FIG. 3 Is a graph of relation between a numerical 
aperture NA and a "peak intensity" of the laser beam. 
The peak intensity represents an intensity of the laser 
light at a part having a maximum intensity in the cross- 
section of the laser beam focused on the recording layer 
34. In the graph, abscissa is graduated by the numerical 
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aperture NA, and ordinate is graduated by the peak 
intensity. The tilt angle of the optical disc is 0.2 degree, 
the refractive index of the substrate is 1 .5, and the thick- 
ness t1 of the substrate of the optical disc is 1 .2 mm, 0.6 
mm or 0.3 mm. The graph is obtained by the calculation 5 
of "diffraction integration" according to "Kirchhoffs dif- 
fraction theory", and detailed description of the calcula- 
tion is omitted. 

Referring to FIG. 3. when the thickness t1 is 1 .2 mm 
and the numerical aperture NA is 0.5, the peak intensity 10 
is reduced to 99 %. On the other hand, when the numer- 
ical aperture NA is 0.65, the thickness t1 must be 0.6 
mm and below in order to maintain 99 % of peak inten- 
sity. Furthermore, when the numerical aperture NA is 
0.75, the thickness t1 must be 0.3 mm and below in 15 
order to maintain 99 % of peak intensity. In other words, 
an optical system having a large numerical aperture NA 
can be employed by reduction of the thickness of the 
substrate. 

Influence of dust in recording/reproducing opera- 20 
tion of an optical disc increases in proportion to the 
reduction of the thickness of the substrate of the optical 
disc, because the cross-section area of a laser beam on 
the surface of the substrate decreases in proportion to 
the reduction of the thickness of the substrate. The dust 25 
problem in the optical disc recording/reproducing oper- 
ation is described in "System coding parameters, 
mechanics and electro-mechanics of the reflective 
video disc player", (IEEE Trans, on Consumer Electron- 
ics, page 309 -- 317, and FIG. 19, Nov. 1976). Accord- 30 
ing to this paper, when the thickness t1 is 0.6 mm or 
more, influence of dust can be ignored with respect to 
dust having a diameter of 75 mm and below. Moreover, 
when the thickness t1 is 0.3 mm, the influence of dust 
can be ignored with respect to dust having a diameter of 35 
20 fim and below. Since the optical disc is enclosed in 
the cartridge 1 , dust having 20 mm of diameter can not 
be entered into the cartridge 1. Therefore, the substrate 
of 0.3 mm thick is usable in the recording/reproducing 
apparatus. 40 

Furthermore, in the optical disc having a thin sub- 
strate such as 0.3 or 0.6 mm thick, the optical record- 
ing/reproducing operation is preferable to the magneto- 
optical recording/reproducing operation, because rota- 
tion of were 0.2 degree of the plane of polarization must 45 
be detected in the magneto-optical recording reproduc- 
ing operation. On the contrary, in the optical record- 
ing/reproducing operation, the reproducing operation 
can be performed by detecting variation of reflection 
index by 20 - 30 %. so 

The recording capacity of the optical disc depends 
on the numerical aperture NA as shown in equation (2). 
In the embodiment of the present invention, since the 
thin substrate such as 0.6 mm thick is used, the numer- 
ical aperture NA is increased. A resolving power e is ss 
inversely proportional to a numerical aperture NA as 
well known to those having skill in the art. Thus, the 
resolving power e decreases by increase of the numeri- 



cal aperture NA. In other words, a recording area occu- 
pied by one bit is reduced in inverse proportion to the 
square of an increase ratio of the numerical aperture 
AN. An "Increase ratio R" representing increase of a 
recording capacity caused by variation of the numerical 
aperture NA is represented by 

R = (NA2/NA1) 2 (3), 

where, 

NAI: first numerical aperture, 
NA2: second numerical aperture. 

For example, the first numerical aperture NA1 is 
0.53, and when the value 0.53 of the first numerical 
aperture NAI is increased to a value 0.65 of the second 
numerical aperture NA2, the increase ratio R is about 
1.5 ((0.65/0.53) 2 ). Consequently, the recording capacity 
of the double recording optical disc 26 becomes three 
times (1.5 x 2 = 3) of. that of the standard optical disc 
(384 MB, for example). 

Although the present invention has been described 
in terms of the presently preferred embodiments, it is to 
be understood that such disclosure is not to be inter- 
preted as limiting. Various alterations and modifications 
will no doubt become apparent to those skilled in the art 
after having read the above disclosure. Accordingly, it is 
intended that the appended claims be interpreted as 
covering all alterations and modifications as fall within 
the true spirit and scope of the invention. 
Particularly, the above description of the present inven- 
tion includes the following teaching: 
The present invention relates generally to an optical 
head of an optical disc recording-reproducing apparatus 
for recording and reproducing information to an optical 
disc, and more particularly to a convertible optical head 
which is applicable to both the standard optical disc and 
a nonstandard optical disc. 

The rewritable optical disc in the prior art of the "Draft 
Proposal DP 10090 of ISO Standard" has the recording 
area on only one side of the optical disc, and hense sig- 
nificant increase of the recording capacity has been 
impossible. In order to significantly icrease the record- 
ing capacity, an optical disc having the recording area 
on both sides of a substrate is devised, and hence a 
convertible optical head must be developed to be appli- 
cable to both the standard optical disc and the optical 
disc having the recording area on both the sides of the 
substrate. 

An object of the present invention is to provide an opti- 
cal head of an optical disc recording-reproducing appa- 
ratus which can use an optical disc having a recording 
area on one side of a substrate in accordance with the 
draft proposal DP10090 of ISO standard or an optical 
disc having recording areas on both sides of a substrate 
in order to increase recording capacity. 

A possible optical head in compliance with the 
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present invention comprises: 

laser light emitting means for emitting laser light, 
coliimating means for collimating the laser light 
emitted by the laser light emitting means, 
focusing means for focusing the laser light colli- 
mated by the collimating means on a recording 
area of an optical disc, 

a beam splitter for separating laser light reflected 

from the recording area of the optical disc, 

laser light sensing means for detecting laser light 

separated by the beam splitter, 

at least one optical plate for correcting aberration of 

the focusing means, 

actuator means for positioning the optical plate 
between the optical disc and the focusing means or 
for removing the optical plate therefrom. 



8. An optical disc according to any one of claims 1 to 
7. 

wherein said tracks (35, 36) are formed as 
surface indentations of the respective substrate 
5 (30,31). 

9. An optical disc according to any one of claims 1 to 
8, 

wherein said recording layer (33) is a reflec- 
10 tive layer. 

10. An optical disc according to any one of claims 1 to 
9, 

wherein an adhesive substance (37) of at 
15 most 0.2 mm thickness is interposed between said 
first and second substrates (30, 31) for bonding 
said substrates. 



Claims 

20 

1 . An optical disc comprising: 

a first substrate (30); 
a second substrate (31); and 
a recording layer (33) sandwiched between 25 
said first substrate (30) and said second sub- 
strate (31) and being provided on tracks 
(35,36) formed on the inner surface of such 
substrate having a thickness of 0.6 mm. 

30 

2. An optical disc according to claim 1, wherein both 
substrates (30,31) have a thickness of 0.6 mm 
each. 



3. An optical disc according to claim 1 or 2, wherein 35 
both substrates (30,31) are provided with tracks 
(35,36) formed on the inner surfaces of said sub- 
strates (30,31). 

4. An optical disc according to claim 3, wherein the 40 
recording layer is provided on said tracks (35,36) on 
said both substrates (30,31). 

5. An optical disc according to any one of claims 1 to 

4, wherein said recording layer is provided on said 45 
tracks (35,36) by plating. 

6. An optical disc according to any one of claims 1 to 
5. 

wherein the recording layer consists of a so 
material suited for information recording/reproduc- 
ing by means of phase-change of crystallization. 

7. An optical disc according to any one of claims 1 to 

6. 55 

wherein the recording layer consists of a 
material suited for erasing of recorded information 
by crystallization of said material. 
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